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" Par th. palt smral yoars all’ Folar Military operations have been.
-:c:tmly supported by the ice reconnaissanco and torec.nting progr-
cofiducted by the U. 5. Kaval' Oconnogrsphic Office, In these ..

Qoperltion. *the .?vicos provided hav. been demonstrated to be ‘gf

smincunt vilue; further, it is probsble,: in the sevent, ﬁf =
cnergoucy, ‘that the requi t for, an nda 'te xce pngleuon

. "service will boee’-.“‘ion 8 fimt. : = S ﬁ

Vo E -2 K ¥

'ahlthough con-idor.ble effort, vithi};‘ he "Illii:ed tundl avulnhlo,
. ha- 'gone, . ;@toq dovelopnent of objoctivp 1ce prgdtgtxon toohniquel, L
« 4t is neleRthel TErugT thaty n¥ matilr how adyanced thé prediction .
“technique;ithe accuracy 6f ice forecabti deponds %o a very great e
a,x'tew on the Iu*ﬁ.m, -uultanelty, and rclli.bllttg ot t;@e obsetva- -
. tims. Alt%ouqbcrnport- are recclved frm .shiph, shore atations, P
4t and drift ntib!is. the Navy's. ice oporational program has been -

e b"ibd maifily on aerial tice _recannsissance. . _Pependmg on requjirements,
tm reoonnlinnaqco is’ e-rriod out. .ccordtng to. a regular program x
over the -arginal Arctic packs, the Arxctic Blsin, and Antuéticn. . S b
Although -.at:lal rooonnnzl:hnce han been up to fhow thc most . Tk )

. efficient means available and the .ice prediction program could not i
heve been developed without it, the technique has various serious T
deficlencies which will 1nh1bit further devolopn-nt of the prograw. v
'rhou may be summarized as follawr . _

2N
ax (1) Aircrnft flights obtnn only * sna.ll (30 mile wide neep)

‘ o:h‘-ta on '1¢é conditions on esch flight. In some areas, such as

.- the Polut Hasin, this sample is not yery significant compared to

- the total.ice ‘area, and inhibits understanding of the behavior of

".the ice psack, : te covorngo by aircraft voul.d be” cxcoodingly
expn.ivo ud in lono areas iapossible.

.

. . (2) ‘l'ho et{octivene.s of aerial reconnaissance is fu.rt.hor
) reduch by the typically bad weather over ‘mosSt Arctic areas durihg
a 5 a can.lid-r-.blc portion oOf the. Year.’ These periods are most
! prevalent during Spring and Summer, which are those of greatest : -
<« op-ntlun.l activity. It is not feasidle to conduct flights with
“sufficient frequency to provide effective coverage of the area of
intmn or to oburvo short-term’ varistions 1n the 1ice ‘pack

‘;f . (Mo scnrc of Arct!.c bﬁﬁ clou to xco arbas crcafcs ‘a
couzdmblo smount of "dead time” between avaflable air bases
&nd thg,pgc-. This difficulty 4is enhanced by the linltod range
of most” urcrurt when opornt.@‘ in polar arcas, B
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..min photogr.m thé extrémely siaall: sample available makes:
" photographiec’ techaiques infeasible as an op‘rst iomal proecedure; .
7 Visual observations are therefore thé predominsant method of [
_cellecting iee informstion. This subjective method of report
o mnd dxtr..ly complex medium results in consideérable observer
. erTor and’ vm.tm ta reports from observer t¢ observer.
This matly tmbtt- ‘the developmant of objoctzvo form.tlng
tochn:lqn.- r.qu.trl.n‘ nltmc digtm inputl. Frre .

S ~(5)”§- yot no i lomal. m@?‘m .nuam, for omunu
teoe data . during ‘the ’tiﬁ a.gm.» S .
’5:. O i,’y rY-) 1
R B-.lod on tgn -!‘zprt- un-ndod by both mcrut unifn m t.hc J
-_-,jx.o:-mop-ﬁhu Office,;:. it is estimated. that the ae -.1;"3- :
.. Dmissance progrim im tile Arctic and Antirctic costs the l(uvy N
; nearly $1,000,000 yearly. In view of the importasce of the -
. m, ‘and th. faét that further dov.lor.nt is hek -dveruly
: ,,.:xgctod by data of doubtful quantity ‘and”’{n some cases no data
“at ally it lpp...rc mandatod®y that the Oceanographic 0!!1«
:Lntcncinly tudy means by .which the quaJ.tty and quantity of.
~-Ace’ observat o . .nn.bl. may be. signsncantly upgraded. In
considéring this woblo.. thorc are two major areas that have
. been considered. - The first is to nnd a platform suporior
to the aircraft; ‘the major possibility here is the satellite.
m stcond 1s°to develop better sanising dcvice- for observing
‘Ace featurss; the two promising methods here are uurmd,
. which could provide liformation during: the Arctic night, and
. r-.dar wvhich ‘would pravide both am l-weather and all-ssason
upaba.lityq ‘It is peimted out, ng r, thnt, 'vnu-blo as
' these” latter two techniques -ighf prove, should they be used
. from mrt many of the deficiencies of the aircraft as an
Arcti.c recolgu.meo "luc).. would min. )

. Ry
SATRLLITE FHOTOGRAPHY .

N

., The Wﬁic Office t;p engaged fn several activities aimed
1

_at assesdisg the sppliecad ty of”’ ‘dateilite ‘Dhotography tp ice
T roeoinsj.lm. ‘l'hq-e -y be m.rizod as follows: .
. o ek -

(48] !;n-iutton L. T B l.nd Ix phoeograph-. nlthcugh«.
! mpported by “inde t oburvqnon- by .other methods,
wsAnds@atéd cmimﬁblo mise. Pa;o 1. a -onie~ constructed
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§ ..  from TIROS II material, imdicates that, with proper :

S R T satellite arasteristics, it sheuld be possible to identify
SO . ice features accurately. This mosailc was constructed with'
LT . . photographs thlu a narrow:aagle: fizr 7') cumera ty-t.- on
N - TIROS II. - . by

i .. - . ';s:-
h

[
v

§
-

) R S (2) mod on those rqmlt‘. the. rnulc oxper!.-ont was gocignod

. % 7 and carried ‘out in the Kawfoundland ares during the period S

-t immediately after the IM of TIROS IV, . An-intensive: program. e

.. of adrial photography was condusted by the "American Navy and

. : i Canadiin -Air Force, with the 1n§ontion of éomparing the .

<F ‘- satellite. and aerial paogmapny. Unfortunsiely, the narrew

Lo angle ‘camera systém was. UXMMtodm’th‘c iros iv -ntoll“ito.(,

o T s and ‘18 not plsnfed t4 be ° d#a°Ih qither subséquent TINOS .  :.

S ' ‘launches ox fn the first thiee NIMBUE' vehicles. Pages Z and - &%

: '~ : -3 show two unpl.&: of oo-pnrlm ‘bétween TIROS ﬂiotqgraph'g‘ . .
-and i'gpnl momaics. - It can be seen that the results are. : L
rather diuppoint;ng ss far as ice detajl 1 concerned. 'l'bc LT

- only parq.otqr ‘tiat. can be positively identified is th.*ic. g

; boundaryp ) f¥solution 1s,too ‘coarse to y;cxvd ‘informatiofh

“ fom mt ice fedtures. This study ‘has been conploted,qud-

mreport will bo proparod in - tho no-.r ‘future.

nmwgm maroammr U | -

A 'l'he Ocea.nogrgusic Otfice hafs b.on 1ntan-tod 1n using 1ntrarod 5
‘  techniques ‘to messiure. sea surface temperature, and has donlopoa T

R A eq\umt for doincxthis.» Recently, during Arctic operations =
R in: coilaborntim with- the Cold Regions Research’ and J:nginnrtng R
: : Laboratory of 'the ©. S. Kr-; ‘Engineers, opportunity was afforded. )
to obtain simultanecus aerial phdtographs and infrared imagery

over ice areas. Oné of these comparisons is shown on pm %,
. Sueh a device looks promising as a means of sensing ‘ice features ) o
- from aircraft as well as from utollitn, and thus would .xtond v Tl
our eapclu;ity to inclndo the wtnior -mh.. ) . ) S
T e ,!}J,\ ! \ HE . U . B . - '
- B P %, > B . . ) .
RADARSGOPE mm%émm . : ‘ - v
¥
A : ) Proviou- exyari.nc. in attempting to Ant.vprot r:d-.rncopo !
e o e ., phctographs for ice . 1htmation have been extremely di.appointing
< : . Thdhe studies h.vd‘b.cn nly cnrriod out ﬂith ‘the -tundard .
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radar aboard ice recopnsissance aircraft. llccdntly. howéver,
phototrsyh- ‘have been obtained by the AFQ-56 side-scanning - .
rud&r dnrlu a flight ot USAF: recoanaissance nircrnft over .

- the Arctic Basin.’ An example of :these pbotozrnphl is shown

jon page 5.  These photo phy, takem’ from 658,000 feet through .
[my thousands feet of solid. cloud, atre quite remarkable;:in -
their detail; such a device wpuldibe t valuable addition ‘to .
the equipment 'aboard the WV-2¢aircraft assigned to the BIRDS .
m projoct- ov.r the Arctu: ‘Basin, : i I

H-ﬁ{

R T
R

. ,xn- :}r-.&’ug it 1s élur"thnt, “while the .ucq‘n ; c
N °ma’aﬁ1c for tactical support and providing the. m-r.atﬁrva
i &2 the synoptic ice situation;. the ut.mﬂ*to qr;':tefu more S

J{, promise as a vehicle for obt&i.ning de'tailad icé 1n£omt£bn

. on;the Iquo ml.ﬁ.ﬁ#mto provide adequate ice predicti.on e
support .anywhere in the polgi' regioms., Further, nthoudhu e
: 101uet.erea 1-:&%17 such as the TIRGS and IIIBDS material do
not as yet provide sufficient resclution, opticak photography, -
15;.’!--.1-«! and mtp.tn types of radar all show promise as ice
y reeonnnhsa.ncc  SADSOTS ntmn the latter two can:provide
' useful dat‘“frro- aircraft, the techmology of upplyum these..
tochhiquon from satellites is still in an early stage of =
devclopnent. It appears logical, . thctoforo, to 1nvest1¢ato
“the feasibility of using optical photography from satellites
. as the most promising oynoptie ice rcconn-i--ancc technique
at thil time, - )
-4 Thi-aproblo- has been uvo-tiptod in w proltmina.ry fashion
by the Naval Oceanogrtpluc Ottieo, the Naval Reconn-.l-mee
. and Technical. aupport Centex, and the Astronauttcs Oiﬁ.ge of
/.the Bureau of Naval 'cnpon. under” a contract with Autometric,
!ac. The material used was obtdnod by tha ,geodetic myping
> camers, I:l matsrials. :
lxanplos of this utert“ m uhown in stereo forn on pagu
" 8, 7, and 8. Examination iagw- ithat it 1s possibls; to clmly
diucern the ‘Jor Yce aid open water tﬁcturos with the.
exception of features smeller“than 250 feet .r such as ridges .
and cracks, From this utor;.l Autometric was ublo to conpilc
. rather complete statistics of the ice canopy over a -:l.gniiiclnt
portion of the Arctic, detailed in their first formal report
‘on Project ICE. Another stidy along the same 11no, n-!.ng later
material of the same type, i. now undorv‘y. Lo
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Althoucp ‘%ul mor'.tul is ‘extremely mtul fox- ice
study because of the availability of considerable Arctic

.. material; it vouul be of value to study -atorlsl., which
“would yicld information on the finer ice structure. A
. preliminary investigation of other ‘possible, imagery has
besn made cby mr;sc with tho‘”rolult that, vhno 1ittle
© Axrctic -Basin data~is pvrcsontly .mxiablo othor t),;c.n
-.£vpo|-1b111tic. exist to obtain muablc dctnu.d ice
; m:orutiqw ﬁgc- other imu-cos; o

PR At &
L -

: ?-.ge 9: s an u@plo ot yhotography obt.inod- by tho

* present’ framc camers of thékB-4 Systei” It JELXL be poted .
thiti the resolution and detail 'is at riyiut as g‘ood as’the *

ut.orw, np&@oll_n oov'qr;.nz a mith, grontor area pex

3 .. ‘scale of: dets1i that can be studied is - -
;nu-trat < e pm! 10'%nda 11, which dre examples of the
[ TFame iadgery enlarged 4 times. This piotograghy - .tﬁm! ,
s DArticulafF interest in timt requiréments do not at’ present ..
fully utilize the capacity of the camera system; it should .
thoi‘efowo he posa)blo éo obtnin a llgnificnnt amount of Arcticg
mm v:.th tbin camers.. e

A
LS

for rdl‘lrch* mto'ice b.hlvior. ﬂth a. scale of. ,lmt
- 480,000 1t can be-'unn fhat suoh details as m-ll f].ooi,_
erng:,ks, a.nd in ‘some cases ridge- can be clearly. 1dent$u..d,
ins well ‘as ‘clear-indicattions as tolthe age fnd ‘type of ice.
- Pages 12 and 14 represent two up-frstc cases in ‘Arctic
waters, while pugol 13 and 16 m vorttcal trnn-fomtionl
of the plcturen. 4, .o

i he-, -
3 o
o

Evon more- détallod datk can h- obta.ined by use pf the KH-8 .
and KH-7 :I.nngory. ) Pag. 16 containg an example of the p.rc-ent
KHe7 photography, ‘with a. scale of 100, 000 The detail that
cn.n be seen rivals, if not mrmso-, that available from
“serial tce photog'r:phy ‘used- prtpvloully, nt the same time
P prqv:.ding n synoptic plczuro over an area several orders of’
) nlgnltud- 1:.r¢q than . eonvontiotnl ncx-!.;l photogrnphy. Page

a
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_17#’:&4 a sisilar -uu-plo of the mow dt.eonttde nl-e -stori.-.l., ’

with a soale of" 80 000, While: it is Ynrealistic o expect 5

“liarge qu‘nttti.oi of Arctic /dita from either the xn—«t p.nor-.-:lc. ’

or th.e KB-7 nylt.s, ‘occasional txpo-urcs to provide ‘lddltlonn
data fn op-ratioau.lly importaat areas or.to study- closely short-
period time: cha.ng.‘ t.n tho '1ce -tructuro would be o:tr-ly

A\\ . . 4

° t

G

-essonsl, .nd/operntional situation at that tlno [

Pols)

Gl : B L‘ . o
=5
B&n.d oa th. discussioh nbovq, 1t 1- clear %t ‘the lutolltte, sy B

~""'&m combined with: :pyticn thto‘rgﬁhy : oOvercoses noat of %

the objeciions tq.f the n., of ‘&,”tx"cr.,tt for: 1¢.;’ ,onon.nul

flg’ other Tequ alts obvicusly take pfecedeiice over-the
oﬁ:naﬂh g 1ce isformation 'from present systais, the capability
should be ﬁﬁl; mitoﬂ vbgmvor—;'!ouuilp. To thts end the.
1o11:e~1n¢2 “ ouﬁ.nd.uona are offexéd:

Opernte he tr.hlng camera 32 the KH-4. l’lt‘ on’ l.
contnmous baaz.- to obtum -n.xi.ln.m Arctic 85.1- covorm

R ﬁ? ’&ﬂ

b o 2. 'here requira-ontl porni\t, obtnm occasionnl exposurhi

P2

og tco-covmd w;ter- with the 'KH-4 panoramic foro and aft L K
cmr-., ’tha exdct “time nnd place. to*‘ depend on.the. tnv,tromntal.

3. R.t:bltph a small gromi co consist of i.cq. export- tro-.

ruwocxm and photographic experts from NRTSC to fully exploit

the utprial in dovol&x-oﬂt of techniques ta’ -upport nnvnl
opor..tionn. .

\3&@5
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